Severe sepsis is a syndrome of life-threatening organ dysfunction due to a dysregulated host response to infection. It is the leading cause of death among hospitalized patients with infection. 1, 2 Despite evidence that early recognition and interventions decrease severe sepsis mortality and morbidity, patients meeting severe sepsis criteria are underdiagnosed. It is estimated that only one in five patients with severe sepsis received an International Classification of Diseases, ninth revision (ICD-9) code of 995.92. [3] [4] [5] We hypothesized that uncoded cases represent an underdiagnosed and undertreated group of patients with severe sepsis.
There are limited data regarding treatment rates and outcomes of patients with severe sepsis who are not specifically diagnosed as having sepsis. Only one study to date has compared outcomes between patients with severe sepsis who received codes for sepsis and those who did not. Whittaker et al 5 found that patients with a code of 995.92 had higher mortality rates, longer hospitalizations, and higher measures of organ dysfunction when compared with patients with severe sepsis who received a code. To our knowledge, these findings have not been replicated, and treatment differences between patients who were or were not diagnosed and given a code to indicate they had the condition have not been compared. The primary objective of this study was to compare both treatments and patient-centered outcomes among patients who were diagnosed with severe sepsis and patients who met clinical criteria for severe sepsis but who were not specifically diagnosed with severe sepsis.
Methods
All patients admitted through the University of Kansas Hospital ED from November 1, 2007 (inception of the institution's electronic medical record) through September 30, 2015 (last date before conversion to the ICD-10 diagnosis codes) were eligible for study inclusion. Study inclusion required that patients were $ 18 years of age, received an ICD-9 diagnosis code for acute infection, were given an antibiotic within 8 hours of ED triage defined as an initial nursing evaluation, and had discharge disposition codes available for the encounter. We required an antibiotic to be given within 8 hours of triage to better identify those presenting with the condition rather than acquiring sepsis during the hospitalization. After meeting these inclusion criteria, patients were retained for analysis if they met case definitions for severe sepsis: (1) a 995.92 ICD-9 diagnosis code for severe sepsis or (2) documented presence of an infection plus two or more sites of organ dysfunction. Acute organ dysfunction was defined either by using specific ICD-9 diagnosis codes or by the presence of an abnormal first laboratory or physiological marker of acute organ dysfunction (e- Tables 1, 2 ). Laboratory threshold values followed those proposed by the American College of Chest Physicians/ Society of Critical Care Medicine definitions. 6, 7 Any patient who had criteria for shock who did not meet criteria for severe sepsis or who was not given an antibiotic within 8 hours of triage was excluded from subsequent analysis. We required that patients have organ dysfunction at two or more sites to increase the likelihood that patients had severe sepsis and not isolated organ dysfunction associated with the same site of infection.
The primary outcome measure was completion of the Surviving Sepsis Campaign 3-hour treatment bundle. 8 Each component of the protocol (blood culture ordered, serum lactate levels ordered, broad spectrumantibiotics administered, and appropriate IV fluids administered) was analyzed independently for frequency of completion within 3 hours. If all four components were completed within 3 hours, the patient was considered to have had successful bundle completion. Appropriate fluid was defined as either IV fluids given at 30 mL/kg if the patient was hypotensive or had a lactate level > 4 mmol/L or no IV fluids if the patient was normotensive and lactate levels were < 4 mmol/L. 8 Additionally, completion of the therapeutic components (defined as both a broad-spectrum antibiotic and appropriate fluids given within 3 hours of triage) was analyzed separately, as these two components have been shown to individually improve mortality. Fluid times were limited to those initiated within 2 1 / 2 hours of triage time to prevent overestimating the actual fluid received by a patient, as fluids could have been initiated, but not completed, by the 3-hour mark.
The second study goal was to compare patient-centered outcomes, including hospital mortality, 30-day readmission, and length of stay, between patients with and those without an ICD-9 code specific to severe sepsis (code 995.92). To evaluate for differences in illness at presentation and baseline medical status, Sequential Organ Failure Assessment (SOFA) scores and Charlson Comorbidity Index scores were calculated and compared. SOFA scores were calculated using the first laboratory and physiological values recorded to capture illness status at ED triage.
Data cleaning and sensitivity analysis were performed using SAS software, version 9.4 (SAS Institute Inc.). All binary outcomes were analyzed using the c 2 test, and continuous data were evaluated using the Student t test. Multivariable logistic regression analysis was performed to identify independent predictors of patients receiving complete treatment within the first 3 hours of admission and factors associated with receiving an ICD-9 diagnosis code of 995.92. Overall model fit was assessed using the Hosmer and Lemeshow goodness of fit test, in which a higher P value signifies a better overall fit.
The university's institutional review board approved this study with a waiver of informed consent (study No. 00001753). Data were collected from the electronic medical record using the i2b2-based interface query tool HERON. 9 Flowsheet data not captured by the HERON interface were electronically obtained from the hospital's SQL database by matching medical record numbers and triage dates with the query software Crystal Reports (SAP Software Solutions).
Results
A total of 14,863 patients were identified, 9,232 of whom were excluded for not meeting severe sepsis criteria or for having septic shock. A total of 5,631 patients with severe sepsis were included in the final analysis (Fig 1) . The mean age was 60.6 AE 17.2 years, and 48.9% (n ¼ 2,759) were women. The presence of an appropriate 995.92 diagnosis code was found for 32.8% of patients (n ¼ 1,847).
Patients with severe sepsis with a diagnosis code of 995.92 had a higher number of total documented infections (2.3 vs 1.8) and were more likely to receive a diagnosis of septicemia (97.8% vs 64.0%) or a diagnosis of a respiratory infection (51.8% vs 41.2%) when compared with patients with severe sepsis without a diagnosis code (all P < .01) ( Table 1) . When comparing baseline acute organ dysfunction, no clinically apparent differences were seen based on the first SOFA scores, first lactate measurements, or total number of involved organ dysfunction sites. Patients with a diagnosis code were more likely to have respiratory organ dysfunction (48.3% vs 34.9%; P < .001). No significant differences were found when comparing Charlson Comorbidity Index scores.
Treatment Differences
Receipt of all four Surviving Sepsis Campaign components in < 3 hours was low for all patients (8.7%), but those with a diagnosis code of 995.92 had higher completion rates than did patients without a diagnosis code (10.2% vs 7.9%, respectively; P < .005) (Fig 2) . Therapeutic component completion, both a broad-spectrum antibiotic and appropriate fluid, was higher than total bundle protocol completion for the whole cohort (31.3% vs 8.7%) and was also higher for those with a diagnosis code compared with those without a diagnosis code (36.0% vs 29.0%; P < .001). The frequency of all individual protocol component completion was higher in those with a diagnosis code. A blood culture was the most common of all four components completed in all patients (n ¼ 3,483 [61.9%]), and serum lactate measurement was completed least often (n ¼ 1,589 [28.2%]). Only 46.1% of patients received an antibiotic within 3 hours of triage, as recommended, but 75.8% of patients appropriately received a broad-spectrum antibiotic as their first dose. The mean time to first antibiotic administration was 3.7 AE 1.9 hours for the whole cohort. Patients with a diagnosis code were given antibiotics sooner than were patients without a diagnosis code (3.2 AE 1.9 hours vs 3.9 AE 2.0 hours; P < .001). Few patients, (16.5% [n ¼ 928]) had a requirement for fluid resuscitation by lactate or BP criteria, as patients with septic shock were excluded from the analysis. Patients with a diagnosis code of 995.92 were more likely to require fluid resuscitation (20.1% vs 14.8%; P < .001) and to receive 30 mL/kg of crystalloid than were patients without a code (19.6% vs 10.6%; P < .001) (e- Table 3 ).
Multivariate logistic regression did not result in a good overall model fit that could predict receiving all four components of the 3-hour bundle. The most significant predictors of receiving the therapeutic components of the bundle were having a respiratory infection (OR, 1.56; 95% CI, 1.43-1.78), receiving a sepsis-specific ICD-9 diagnosis code (OR, 1.24; 95% CI, 1.10-1.36), presence of respiratory dysfunction (OR, 1.25; 95% CI, 1.12-1.40), and age (OR, 1.006; 95% CI, 1.00-1.01). Sex, race, number of comorbidities, and markers of acute organ dysfunction including SOFA scores, first lactate measurements, and total number of dysfunctional organ sites were not found to be predictive. Components of the final model can be found in e- Table 4 .
Due to a higher prevalence of respiratory infection in patients with a diagnosis code (51.8% vs 41.2%) ( Table 1 ) and because respiratory infection was independently predictive of patients receiving treatment in multivariate analysis, a subanalysis of treatment completion for patients with and those without diagnosis codes was performed while controlling for respiratory infections. Differences in overall bundle treatment and therapeutic component treatment chestjournal.org completion no longer differed, and completion of individual components continued to be higher in patients with a diagnosis code (e -Fig 1) .
Patient-Centered Outcomes
Overall severe sepsis mortality was 3.6% (Table 2) . Mortality was significantly higher among those patients with a diagnosis code of 995.92 compared with patients without (6.3% vs 2.3%; P < .001).
Patients with a diagnosis code also had more frequent ICU admissions (44.7% vs 22.5%), longer hospital length of stay (9.2 AE 9.4 vs 6.9 AE 6.7 days), and were more frequently discharged with home health-care services (22.4% vs 19.5%) (all P < .01). Patients who were given codes were also less likely to be discharged home (43.6% vs 52.0%; P < .001) and were more likely to be discharged with hospice care (6.1% vs 4.4%; P < .001) or to a long-term care facility (2.5% vs 1.7%; P ¼ .04). Patients without a diagnosis code, however, had higher (30-day) readmission rates (25.2% vs 21.5%; P ¼ .02).
Multivariate logistic regression analysis was performed to identify the role of case documentation (ICD-9 
Discussion
We have presented a retrospective study of 5,631 patients with severe sepsis admitted through the ED at a single urban medical center. It is the largest study to date investigating treatment and outcome differences between patients with and those without a sepsis-specific ICD-9 diagnosis code. Consistent with previous studies, we found that patients meeting clinical criteria for severe sepsis continue to be underdiagnosed, as evidenced by more than half of the cohort lacking a sepsis-specific ICD-9 diagnosis code (67.2%). 1, 4, 10 The ICD-9 code
(and now the ICD-10 code) is applied only when providers have recorded the specific diagnosis of severe sepsis in the medical record, being both sensitive when documentation is present and 99.5% specific when validated by chart adjudication. 11 These features make the 995.92 code an excellent marker for whether physicians have specifically diagnosed severe sepsis during their treatment.
We demonstrated that all patients, with or without sepsis-specific ICD-9 diagnosis codes, are relatively unlikely to receive treatment according to the 3-hour bundle guidelines. However, those with an ICD-9 diagnosis code received individual bundle components and the complete bundle protocol more often than did those without a code. Having a diagnosis code was also independently associated with receiving treatment after adjusting for other possible factors in multivariate analysis. We believe this signifies that patients without a diagnosis code are not simply patients who have not received a diagnosis code but are a group of patients who go underrecognized and undertreated.
We also hypothesized that patients without an ICD-9 diagnosis would experience worse outcomes. However, similar to Whittaker et al, 5 we found that patients with a severe sepsis diagnosis code of 995.92 had worse clinical outcomes compared with patients without a code. All patients given a 995.92 code had a higher number of infections, were more frequently diagnosed with septicemia, and had a higher number of total organ dysfunction sites. 4, 5 It is possible that patients with severe sepsis who are not formally diagnosed are a less acutely ill population and, despite being less aggressively treated, experience better outcomes. 5 However, unlike previous studies, we demonstrated that patients with and those without ICD-9 diagnosis codes had similar baseline measures of acute organ dysfunction at presentation in the ED. Nationwide surveys of ED providers reported that identification of patients meeting severe sepsis criteria was the greatest barrier to early initiation of treatment bundles. [12] [13] [14] This study might suggest that despite similar presentation severity, some patients with severe sepsis will progress more rapidly than others, adding to the challenging aspect of identifying this population.
Our study has several limitations. The data in this study were collected and analyzed before the publication of the Sepsis-3 definitions, which might have increased the specificity of our cohort for mortality or prolonged ICU stay. However, because this study focused on physician identification and treatment of patients with severe sepsis during the time of Sepsis-2 consensus definitions, the selection criteria we chose were appropriate. Our study used patients admitted through a single center's ED, limiting generalizability to other institutions and hospital settings. Our retrospective design also limits our ability to determine when, or by whom, patients were diagnosed. It is possible that not all patients who received codes presented to the ED with criteria for severe sepsis at the initial triage time, and some acquired the condition later during hospitalization. We do believe that requiring patients to have had an antibiotic within 8 hours and two sites or more of organ dysfunction helps increase the likelihood of acute infection and organ dysfunction on presentation. Finally, due to the large size of our cohort, interpretation of statistically significant findings requires clinical judgment when analyzing the effect size of the differences between groups.
This study generates several questions that could amplify its findings. Although educational and quality improvement interventions improve bundle performance and outcomes, it would be of interest to know whether they also alter the assignment of specific ICD diagnoses. 15 It would be useful to survey physicians regarding what factors determine whether patients are assigned a diagnosis leading to an ICD code specific to sepsis.
Conclusions
This study highlights a concerning finding that patients with severe sepsis are both underdiagnosed and undertreated. It appears that the diagnosis of severe sepsis was most commonly used to describe patients with more severe illness. Early adverse outcomes, such as mortality, were not affected by a specific diagnosis of severe sepsis, but longer-term outcomes, including hospital readmission, were increased in patients who did not receive the specific diagnosis. Studies of this nature should be repeated as definitions of sepsis evolve.
